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i™™, . ! the J rtled P o| y mer useful 33 a flocculating agent, thickening agent, etc., having 

improved f locculatmg performances, solubility, etc. , by hydrating acrylonitrile by the action of a 
bacterium capable of hydrating nitrile to give acrylamide, treating it with active carbon and 
polymerizing it. 

n?^ T K TU 7 ,ON: < A) A j >acte J rium such 38 s fain N-771 (FERM P-4445), etc. belonging to the genus 
Corynebactenum is cultivated, and incorporated with sodium chloride injection to give suspension 
havmg 0.5-1 0wt% mold concentration. (B) 0.5-1 0wt% acrylonitrile is reacted with the suspension at 7- 
sSlutSnTnH^rr'Jw ^ 05 " 1 0hr5 \ then - »» activ e carbon is suspended in the aqueous reaction 

solution and stirred, or the aqueous reaction solution is fed to the active carbon layer, made to flow 
a^'Z? , ,s heated with the active carbon. It is directly used or after it is adjusted to preferably 5- 
7 1 acrylamide concentration, and it is polymerized at 0-100 deg.C by the use of a radical initiator 
(e.g., hydrogen peroxide, etc.) , to give the aimed polymer. 
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PURIFICATION OF AQUEOUS SOLUTION OF UNSATURATED AMIDE 



PURPOSE:To remove various impurities from an aqueous solution of an unsaturated amide produced 
by the hydration of an unsaturated nitrile, without causing the troubles such as polymerication, etc., in 
high efficiency, by using an ion exchange membrane. 

CONSTITUTION:The objective material can be prepared by removing organic acids, inorganic safts 
and organic salts from an aqueous solution of an unsaturated amide prepared by the hydration of the 
corresponding unsaturated nitrile such as acrylonitrile, methacrylonitrile, etc., by using an 
electrodialysis apparatus furnished with an ion exchange membrane, at 5-1 OpH, preferably 6-8pH at 
0-50 deg.C. If necessary, the product is further purified with ion exchange resin, activated carbon, etc. 
The unsaturated amide, especially acrylamide, methacrylamide, etc. is useful as a raw material of 
polymers for flocculant, thickener, petroleum-recovering agent, soil-improver, paper strengthening 
agent for paper-making industry, thickening agent for paper making, etc. 
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Method tor purifying aqueous acrylamkto solution. 





® A method for purifying an aqueous acrylamide solution by 
using activated carbon is disclosed. The method comprises 
contacting activated carbon with water having oxygen dis- 
solved therein until the dissolved oxygen concentration in 
water after the contact increases to at least 0.5 ppm, and then 
contacting the aqueous acrylamide solution with the thus 
treated activated carbon. The method can prevent polymeriza- 
tion of acrylamide around activated carbon, and the resulting 
purified aqueous acrylamide solution requires no further purifi- 

^ cation, such as ion-exchanging. 
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METHOD FOR PURIFYING AQUEOUS ACRYLAMIDE SOLUTION 

FIELD OF THE INVENTION 
This invention relates to a method for" 
purifying an aqueous acrylamide solution, and more 
particularly to a method for purifying an aqueous 
5 acrylamide solution with activated carbon that has 
been subjected to a specific treatment. 

" BACKGROUND OF THE I NVENTION 
Acrylamide has hitherto been prepared by a 
so-called catalytic hydration process which comprises 
10 reacting acrylonitrile with water in the presence of a 
catalyst, such as a copper catalyst. 

An aqueous acrylamide solution prepared 
by the catalytic hydration process tends to undergo 
coloration or become turbid immediately after the 
IS preparation thereof, or with the passage of time, due 
to trace amounts of impurities, such as decomposition 
products of a stabilizer present in the starting 
acrylonitrile, substances eluted from the catalyst 
used, by-products, and the like. 
20 The crude aqueous acrylamide solution contain- 

ing such impurities should be subjected to a 
purification step to remove the color or turbidity before 
it is commercially presented in the form of an aqueous 
solution or crystals. It has been generally considered 
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preferable to carry the purification by passing the 
aqueous solution through a column packed with activated 
carbon, particularly granular activated carbon. However, 
acrylamide is very apt to be polymerized around acti- 
vated carbon, thus causing obstruction of the column. As 
a result, the advantages of the granular activated carbon 
cannot be fully utilized. In an attempt to prevent 
polymerization of acrylamide, a method has been proposed 
of incorporating cupric ion in the activated carbon in 
advance, as disclosed in Japanese Patent Publication No. 
28608/76 (corresponding to U.S. Patent 3,923,741). 

In recent years , a process for preparing 
acrylamide by direct hydration of acrylonitrile using 
microorganisms, capable of hydrating nitriles has been 
proposed, as described, e.g., in Japanese Patent 
Application (OPI) No. 86186/76 (corresponding to O.S. 
• Patent 4,001,081) and Japanese- Patent Publication No. 
17918/81 (corresponding to U.S. Patent 4,248,968) (the 
term "OPI" used herein means an "unexamined published 
application") . According to this microbiological 
process, if the acrylamide concentration is increased, 
pigments and traces of impurities tend to be extracted 
from the microorganism to enter into the aqueous 
solution. Therefore, it is desirable to purify the 
aqueous solution obtained by this process by treating 
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with activated carbon similarly as in the case of the 
aforesaid catalytic hydration process. 

- However/ when the acrylamide aqueous solution 
obtained by the microbiological process is purified 

5 using activated carbon in which cupric ion has been 

incorporated for the purpose of preventing polymerization 
of acrylamide in accordance with the conventional 
technique, the cupric ion tends to be extracted into the 
aqueous solution/ resulting in not only reduction of 

10 cupric ions adsorbed on the activated carbon to readily 
cause polymerization of acrylamide around the activated 
carbon, but. also incorporation of cupric ions that were 
not formerly present in the crude aqueous - solution in 
the purified solution. The extraction or dissolution- of 

IS cupric ions in the acrylamide aqueous solution is believed 
related to a copper ion equilibrium between activated 
carbon and the aqueous solution. An aqueous acrylamide 
solution containing a cupric ion even in a trace amount 
is unsuitable as a monomer for obtaining high molecular 

20 weight polymers, and is, therefore, required to be 
further purified by ion-exchange resins. 

SUMMARY OF THE INVENTION 
Accordingly, an object of this invention is to 
provide a method of purifying an aqueous acrylamide 

25 solution by using activated carbon, which can prevent 
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polymerization of acrylmaide around activated carbon 

without requiring any further purification procedure 

with ion-exchange resins. 

Thus, the present invention is directed to a 

method for purifying an aqueous acrylamide solution by 
using activated carbon, which comprises contacting 
activated carbon with water having oxygen dissolved 
therein until the dissolved oxygen concentration in the 
- effluent water that has been contacted with the activated 
carbon increases to at least 0.5 ppm, and then contacting 
the aqueous acrylamide solution with the thus treated 

activated carbon. 

typ iF&TT.'F.n DESCRIPTION OF THE INVENTION 
in the present invention, it is necessary to 
contact the activated carbon to be used with water 
containing dissolved oxygen until the resulting water 
•after contact has a dissolved oxygen concentration of 
not less than 0.5 ppm, and preferably not less than 1 ppm. 

Contact between activated carbon and water 
containing dissolved oxygen can usually be carried out 
by passing water containing dissolved oxygen through a 
packed bed, e.g., a column, packed with activated carbon, 
la this case, after the concentration of dissolved oxygen 
.in the effluent water reaches at least 0.5 ppm, an 
. aqueous acrylamide solution can be fed to the activated 
carbon-packed bed. 
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Water to be fed to activated carbon should have 
a dissolved oxygen concentration of at least 1 ppm, and 
preferably 3 ppm or more. When water having a high 
dissolved oxygen concentration is fed to activated 
5 carbon, the dissolved oxygen concentration in the ef - 
fluent water initially falls to 0.1 ppm or less, but 
then gradually rises as feeding is continued for a long 
time, usually for 1 hour to 5 days. 

Water is usually fed to activated carbon at a 
10 space velocity of from 0.1 to 20 1/hr. Since it takes a 
long time for the dissolved oxygen concentration in the 
ef flueng to rise, the quantity of water to be used may 
be reduced by providing an oxygenating device and 
circulating water through activated carbon and the 
IS oxygenating device whereby oxygen is dissolved in water 
circulated from the activated carbon, and the water thus 
' having an increased dissolved oxygen concentration is 
fed back to the activated carbon. In the oxygenating 
device, water is brought into contact with air or oxygen 
20 in order to absorb oxygen. Oxygen absorption (oxyge- 
nation) can be achieved by means of a generally employed 
device, or may be performed in a piping capable of 
contacting water with air or oxygen or within an 
apparatus for treating an aqueous acrylamide solution 
25 with activated carbon. 
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In the case of using pure water, which 
usually has a reduced dissolved oxygen concentration as 
low as 0.5 ppm. after having been passed through a 
decarbonater, it should be contacted with air or oxygen 
in an oxygenating device so as to have an increased 
dissolved oxygen concentration. 

The present invention is mainly applied to a 
fixed bed using granular activated carbon and may also 
be applicable to a fluidized bed using granular acti- 
vated carbon. The present invention may further be 
applied to powdery activated carbon used in a fixed bed 
or other similar systems. 

The present invention is suitable for puri- 
fication of an aqueous acrylamide solution which does 
not contain a polymerization inhibitor, e.g., a copper 
ion. etc., and, in particular, an aqueous acrylamide 
■ solution obtained by a microbiological process. The 

present invention may also be applied to an aqueous acryl- 
amide solution containing a cupric ion that is obtained 
by a catalytic hydration process. In this case, since 
there is no need to previously adsorb a copper ion 
onto activated carbon, the copper ion in the purified 
aqueous acrylamide solution can be reduced according to 
the method of the present invention. 
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According to the present invention, a 
purified aqueous acrylamide solution can be stably 
obtained while preventing incorporation of a polymer 
due to polymerization of acrylamide around activated 
carbon by contacting a crude aqueous acrylamide solution 
with activated carbon which has been contacted with 
water having a high concentration of dissolved oxygen. 

When the present invention is applied to an 
aqueous acrylamide solution obtained by a micro- 
biological process, the resulting purified acrylamide 
can be subjected to polymerization without any further 
treatment for removing copper ions, such as ion- 
exchanging, but replacement of oxygen in a polymerizatioi 
system with nitrogen that is usually conducted before 
polymerization, to thereby produce an extremely high 
molecular weight poly acrylamide useful as a coagulant, 
' etc. To the contrary, the conventional purification 
method involves adsorption of copper ions onto acti- 
vated carbon prior to treatment, and thus requires 
removal of copper ions eluted out during the treatment 
from the treated aqueous acrylamide solution by, for 
example, ion-exchanging. 

Further, the reducing property and oxygen 
adsorptivity of activated carbon vary depending on the 
kind thereof. According to the present invention, 
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an aqueous acrylamide solution is fed to activated 
carbon after the activated carbon is treated with water 
having a high dissolved oxygen concentration until the 
dissolved oxygen concentration of the effluent water is 
5 increased to at least a desired predetermined level. 
Therefore, the dissolved oxygen concentration of the 
aqueous acrylamide solution passing through the 
activated carbon-packed bed can be maintained constant 
- at said predetermined level or higher, and the acryl- 
10 amide can be prevented from polymerization irrespective 
of the kind of activated carbon used. 

The present invention is now illustrated in 
greater detail with reference to the following example, 
m the examples, all the parts and percents are by 
15 weight unless otherwise indicated. 

EXAMPLE 1 

A microorganism belonging to the genus 
r^ vnebacterium and capable of hydrating a nitrile, 
N -774 strain (FEBM-P No. 4446) , was aerobically 
20 cultivated in a medium ( P H 7.2) containing 1% of 

glucose, 0.5% of peptone, 0.3% of yeast extract, 0.3% 
of ^alt extract and 0.05% of ferric sulfate heptahydrate. 
Forty parts of washed microbial cells collected from 
the culture (water content: 75%) , 45 parts of 
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acrylamide, 0.5 part of N , N ' -methylenebisacrylamide and 
40 parts of a 0.0 5M phosphoric acid buffer (pH 7.7) were 
mixed to form a uniform suspension... To the suspension 
were added 5 parts of a 5% aqueous solution of 
dimethylaminopropionitrile and 10 parts of a 2.5% 
potassium persulfate aqueous solution, and the resulting 
mixture was maintained at 10 C for 30 minutes to effect 
polymerization. The resulting massive gel containing 
the microbial cells waa crushed to small particles and 
thoroughly washed with a 0.0 5M phosphoric acid buffer 
(pH 7.7) to obtain 100 parts of the immobilized 
microbial cells. 

Water and acrylonitrile were reacted at 0°C 
in the presence of the above prepared immobilized 
microbial cells in a continuous reactor equipped with a 
stirrer to obtain a 20% aqueous- solution of acrylamide... 
The resulting aqueous solution was found to contain 100 
ppm of the unreacted acrylonitrile and not more than 
0.02 ppm of a copper ion and have a chromaticity of 
about 6 APHA. 

Separately, a glass-made column having an 
inner diameter of 60 mm and a length of 2 i was packed 
with 1,500 g of granular activated carbon ("Granular 
Shirasagi W 5C", a trade mark of product manufactured 
by Takeda Chemical Industries, Ltd.). A 1 liter-volume 
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agitator and the column were connected by piping, and 
water was circulated therethrough at a rate of 8 Jl/hr 
by means of a pump, simultaneously with blowing air 
into the agitator. The dissolved oxygen concentration 
5 in the water running into the column was not less than 
6 ppm, but that in the water effused from the column 
was not more than 0.1 ppm after ten hours from the start 
of circulation. Fifty-eight hours after the start of 
- circulation", the dissolved oxygen concentration in the 
10 effluent had increased to 3 ppm. 

At this point of time, the 20% aqueous 
solution of acrylamide as above obtained was passed 
through the column packed with activated carbon at a 
rat«*of 8 */hr and discharged out of the system. The 
15 temperature of the aqueous solution was not higher 

than 10°C When the aqueous acrylamide solution was 
- fed over 12 days, the effluent had a chromaticity of 
about 1 APHA, and a polymer was noted in neither the 
column nor the effluent. 
20 confirmation of a polymer in the effluent 

was conducted by adding 100 mA of methanol to 10 m£ of 
an effluent sample and examining whether white turbidity 
appeared. 
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COMPARATIVE EXAMPLE 1 
The same procedures as described in Example 1 
were repeated except that water having a dissolved 
oxygen concentration of 6 ppm or more was circulated 
5 for 16 hours (the dissolved oxygen concentration in the 
effluent water increased to 0.3 ppm) and at this point 
the aqueous acrylamide solution was fed to the column 
packed with activated carbon. 

The effluent after 1 or 2 days from the 
10 start of the feeding was free from formation of a 

polymer, but that after 3 days became turbid immediately 
upon addition of methanol, indicating the presence of 
a polymer, formation of a number of popcorn-shaped 
polymer particles was noted in the interior of the 
15 column of activated carbon, with a solution polymer 

being adhered to a part of said popcorn- shaped polymer 
particles . 

While the invention has been described in 
detail and with reference to specific embodiments 
20 thereof, it will be apparent to one skilled in the art 
that various changes and modifications can be made 
therein without departing from the spirit and scope 
thereof. 
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™" k MUi od for purifying an agueous nervi- 

ne solution bv using activated c^, which 
prises contacting activated carbon wit* water having 
oxygen dissolved therein until the dissolved o*ygen 
concentration in the effluent water that ha. been 
contacted with the activated carbon increases to at 
X.e.t 0.5 pp.. and then contacting the aeneous acryl- 
- Zl solu^on with the thus treat, activated -rbon. 

2 » method as in claim 1- wherein the 
acting between the activated carbon and water 
having -ygen dissolved therein is carried out by 
^eing the water through a packed bed of activated 

' Cart0n ' 3 .method as in claim 1, wherein said water 
having oxygen dissolved therein has a dissolved oxygen 
• concentration of at least 1 ppm. 

■» wherein said water 
4 a method as in claim 3, wnerein 

saving oxygen dissolved th~eln has a dissolved oxygen 

concentration of at least 3 ppm. 

s R method a. in claim 2, wherein the 
effluent wat« that has been contacted with the actx- 
„ t ed carbon is passed through an oxygenating dev.ee 
serein additional oxygen is dissolved in the water 
^ tte V ater having the thus increased dissolved 
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oxygen concentration is contacted with the activated 
carbon. 

6. A method as in claim 1, wherein the con- 
tacting between the activated carbon and water having 
oxygen dissolved therein is carried out until the 
dissolved oxygen concentration in the effluent water 

that has been contacted with the activated carbon 

increases to 1 ppm or more. 

7. A method as in claim 1, wherein the 
aqueous acrylamide solution is obtained by using a 
microorganisms capable of hydrating a nitrile. 
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@ A method for purifying a reaction solution obtained by 
using a microbial cell, an Immobilized microbial cell, or an 
immobilized enzyme as a catalyst in a water medium is 
disclosed. The method comprises repeatedly filtering the 
reaction solution to remove fine solid matter using a 
polyethylene parous hollow fiber membrane having a bub- 
ble point of from 1 to 20 kg/cm 2 , and repeatedly washing the 
hollow fiber membrane before it has been dogged to such 
■n extent that a differential pressure thereof exceeds 3 
kg/cm 1 . By this method, a filter membrane can be repeatedly 
regenerated at high efficiency and can stably be used for a 
long period of time. 
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METHOD FOR PURIFYING REACTION SOLUTION 
OBTAINED BY USING MICROBIAL CELL, 
IMMOBILIZED MICROBIAL CELL, OR IMMOBILIZED ENZYME 



piwr.n Qg THE INVENTION 
This invention relates to a method of purifying a 
reaction solution (hereinafter, aqueous solution) obtained 
by using a microbial cell, an immobilized microbial cell 
(hereinafter, immobilized cell), or an immobilized enzyme as 
a catalyst in a water medium. 

This invention is suitably applicable to purifica- 
tion of an aqueous acrylamide solution that can not be 
subjected to a pretreatment, such as heat treatment or acid- 
treatment, because of its tendency to polymerize, or cannot 
be treated with a coagulant, etc., to remove fine solid 
matters from the standpoint of product quality, and is 
particularly applicable to an aqueous acrylamide solution 
obtained by using an immobilized cell or immobilized enzyme 
(hereinafter, immobilized cell, etc.). 

BACKGROUND OF THE INVENTION 
It is known that impurities contained in an aqueous 
medium including fine solid matter can be removed by filter- 
ing the aqueous medium using a porous hollow fiber membrane 
composed of polyvinyl alcohol, and the hollow fiber membrane 
clogged with impurities can be regenerated for reuse by 
washing with an acid and/or alkali as disclosed in Japanese 
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Patent Publication No. 37037/83. 

However, the above— described method requires a large 
quantity of an acid and/or alkali every time the filter is 
regenerated, and, therefore, involves handling of a large 
quantity of a highly concentrated acid or alkali waste 
water. In addition", the extent of restoration of filtera- 
bility achieved by regeneration with an acid or alkali is 
not totally satisfactory. Hence, this method is not satis- 
factory for industrial application. 

When a reaction is carried out in an aqueous medium 
in the presence of a microbial cell, an i mmo bilized cell, 
etc. , as a catalyst, the resulting aqueous solution from 
which the catalyst has been removed by filtration sometimes 
has a slight turbidity. Such turbidity should be removed 
before merchandising of the aqueous solution as such or in 
the form of a concentrate. This turbidity is attributed to 
fine solids suspended in the aqueous solution, and it is not 
easy to remove this solid matter through conventional 
filtration. Removal of the fine solids filtration can be 
achieved only with a filter membrane having a pore size as 
fine as 1 urn or less, but a membrane having such a small 
pore size is soon clogged, and thus has a short working 
life. 

For removing fine particles, f ilterability may be 
improved by pretreatment of the aqueous solution, such as 
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heat treatment and acid treatment, or addition of a coagu- 
lant to the aqueous solution. However, these techniques 
cannot be applied to substances that are easily polymerized 
or required to have high quality, such as acrylamide as 
described before, and removal of turbidity forms a particu- 
lar subject. Although addition of a coagulant flocculates 
fine particles in an aqueous solution to improve filtera- 
bility, a part of the coagulant added remains in the aqueous 
solution to deteriorate product quality. 

Hence, it is Keenly demanded based on industrial 
considerations that a clogged filter membrane be repeatedly 
regenerated at high efficiency so as to be used for a long 
period of time. 

SUMMARY OF THE IHVEHTIOH 
Accordingly, the present invention is directed to a 
method for purifying a reaction solution obtained by using a 
microbial cell, an immobilized cell, or an immobilized 
enzyme as a catalyst in a water medium, which comprises 
repeatedly filtering the reaction solution to remove fine 
solid matter using a polyethylene porous hollow fiber 
membrane having a bubble point of from 1 to 20 Xg/cm* 
(determined in ASTM F316-70) and repeatedly washing the 
hollow fiber membrane before it has been clogged to such an 
extent that a differential pressure thereof exceeds 3 
kg/cm 2 . 
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The porous hollow fiber membrane to be used in the 
present invention is excellent in chemical resistance as 
well as durability against bacX washing pressure or vibra- 
tion repeatedly applied during washing, an,, therefore, 
withstands repetition of filtration and washing and use for 
a prolonged period of tine. 

n FT A I LED DFSrBTPTION OF -™ INVENTION 
The porous hollow fiber membrane which can be used 
in the present invention is made of polyethylene hollow 
fiber having a diameter of from 0.2 to 2 mm. and preferably 
fr om 0.3 to 1 mm. A preferred length of the fiber is from 
40 to 200 cm from the standpoint of washing efficiency. A 
bundle comprising at least 100, and usually from 1.000 to 
20 000 fibers is fixed to a filter. The membrane thicKness 
provides influences on pressure resistance, trapping perfor- 
mance, and permeability of the membrane, and preferably 
ranges from 0.02 to 0.2 nan. 

Fine pores of the polyethylene hollow fiber membrane 
^ave a slit shape. The pore si« is expressed in .terms of 
g as flux obtained by determining the amount of filtered air 
under a given pressure and bubble point (determined in ASTM 
F 316-70) obtained by immersing a hollow fiber membrane in 
water, applying air pressure to the inside of the fiber and 
determining the pressure that generates bubbles . In the 
; present invention, the hollow fiber membrane should have a 
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bubble point of from 1 to 20 kg/cm 2 , and preferably from 2 

to 8 leg/cm 2 , in vi«w of performance, required to trap eolid 

matter and to regenerate the clogged membrane. A preferred 

4 

gaa flux of the hollow fiber membrane is from 8 x 10 to 
30 x 10 4 ft/m 2 .hr.0.5 atro. 

In carrying out the preaant invention, conditions 
for filtration of the aqueous solution and the degree of 
clogging of the membrane to be regenerated are important 
factors for lightening the labor of washing. The aqueous 
solution is generally filtered at a rate of from 2 to 
1,000 a/m 2 .hr, and preferably from 10 to 200 A/m 2 .hr. The 
preferred degree of clogging of the membrane when subjected 
to regeneration washing is such as to have a differential 
pressure of from 0.5 to 3 kg/cm 2 , and more preferably from 
0.7 to 1.2 kg/ cm 2 . If the differential pressure of the 
hollow fiber membrane exceeds 3 kg/on 2 , regeneration becomes 
difficult. 

Washing of the clogged hollow fiber membrane can 
usually be carried out by so-called back washing, in which 
water is made to run in. the direction opposite to the f ite- 
ration direction. A greater washing effect may be obtained 
by passing a large quantity of water, to result in a greater 
differential pressure, but the differential pressure during 
the washing is usually set at from 1 to 10 kg/ cm 2 , and 
preferably from 2 to 4 Kg/cm 2 , from the viewpoint of dura- 
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bility of the hollow fiber membrane. 

After repetition of regeneration by back washing 
several times, recovery of filterability becomes poor. If 
the hollow fiber membrane is exchanged with fresh one at 
this point, such entails cost, giving rise to a serious 
problem. Such a hollow fiber membrane that may not be 
sufficiently regenerated any longer simply by back washing, 
can, therefore, be subjected to chemical treatment by 
immersing in an alkali, an acid, an alcohol, etc.. followed 
by back washing with water to thereby effectively remove the 
clogging from the membrane. Inter alia, alkali-treatment is 
preferred. The fact that filterability can be restored 
particularly by alkali-treatment is an unexpected result 
seeing that the fine solid matter leaked out from an immobi- 
lizing material used for immobilizing microbial cells or 
enzymes is generally insoluble in an alkali. 

The alkali-treatment can be carried out, for exam- 
ple, with an aqueous sodium hydroxide solution at a con- 
centration of from 2 to 30% by weight, and preferably from 5 
to 15* by weight. A filter fitted with the hollow fiber 
membrane having been subjected to back washing is filled 
with the above-described aqueous sodium hydroxide solution 
and allowed to stand for from 0.1 to 100 hours, and prefera- 
bly for from 1 to 40 hours. Thereafter, the membrane is 
back-washed with water under the same conditions as de- 
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scribed before. Higher alkali concentrations make the time 
for alkali-treatment shorter, but require greater amounts of 
the alkali. Accordingly. the above-recited conditions are 
suitable. 

5 in addition, washing of a clogged hollow fiber 

membrane may appropriately be effected by bubbling with air, 
etc., or vibration by ultrasonic waves.' 

The present invention is preferably applied to a 
reaction solution obtained by using an immobilized cell or 
10 an i mmo bilized enzyme. 

The present invention will now be illustrated in 
greater detail with reference to the following examples, but 
it should be understood that these examples are not limiting 
the present invention. In these examples, all the parts and 
15 percents are by weight unless otherwise indicated. 

EXAMPLE 1 

A microorganism belonging to the genus Corynebacte- 
rium and capable of hydrating a nitrile, N-774 strain (FERM- 
P No . 4446 ) , was aerobical.ly cultivated in a medium ( pH 7.2) 

20 containing 1% glucose,. 0.5% peptone, 0.3% yeast extract, 
0.3% malt extract, and 0.05% ferric sulfate heptahydrate . 
Forty parts of a washed microbial cell collected from the 
culture (water contents 7S%), 45 parts of acrylamide, 0.5 
part of N,N'-methylenebisacrylamide and 40 parts of a 0.05M 

25 phosphoric acid buffer (pH 7.7) were mixed to form a uniform 
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.uapen.ion. To th. .u.p.n.ion w.r. added 3 part. o£ a 5% 
aqueoua aolution of dimethylaminopropionitril. and 10 parta 
of a 2.5% aqueous aolution of potaaaium peraulfate. and the 
resulting mixture wa. mainlined at 10«C for 30 minutee to 
effect polymerization. The r.aulting ma.aiv. gel containing 
the microbial cell waa cru.h.d to email particl.a and 
thoroughly waahed with a 0.05M phoaphoric acid buffer (pH 
7.7) to obtain 100 parta of an immobilized cell. 

Water and acrylonitrile were reacted at 0"C in the 
preaence of the above prepared immobilized cell in a con- 
tinuous reactor equipped with a atirrer to obtain a 20% 
aqueoua solution of acrylamide. Separation of the immobi- 
lized cell from the reaction solution was carried out by 
filtration using an 80 meah metal netting and a S-ym-yam 
reel filter. The resulting aqueous solution was found to 
contain 0.5 ppm of solid matter. 

The resulting 20% aqueous solution of acrylamide was 
filtered using a polyethylene-made porous hollow fiber 
membrane (hollow fiber membrane: EHF 390c, a trademark of a 
product produced by Mitsubishi Rayon Co. , Ltd. ) having a 
filtration area of 0.3 m 2 and a bubble point of 4.8 kg/cm 
at a rate of 8 £,/hr. 

When the differential pressure of the hollow fiber 
membrane reached about 0.9 kg/cm 2 due to clogging, the 
membrane was subjected to back washing with water at a 
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pressure of 4 kg/cm2, and then was reused for filtration. 
After the membrane was used for filtration and back-washed 
four times, it was immersed in a 12% aqueous solution of 
sodium hydroxide for 15 hours, back-washed with water, and 
5 then reused for filtration. The differential pressures 
across the hollow fiber membrane after the repeated filtra- 
tion and regeneration as described above are shown in Table 
1. 

The thus obtained aqueous acrylamide solution was 
10 found to contain 0.01 ppm of a solid matter. 



Table 1 

Differential Pressure 
Number of Before After 



Filtration 


Washing 
<kg/cm» ) 


Waahincr 
{kg/cm 3 ] 


0 


0.25 




1 


0.90 


0.33 


2 


0.92 


0.36 


3 


0.93 


0.40 


4 


0.95 


0.33* 


5 


0.89 


0.35 


6 


0.90 


0.37 


7 


0.95 


0.40 


8 


0.95 


0.34* 


9 


0.91 


0.35 


10 


0.91 


0.37 
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oAff-r* ntlal 




number of . 


"Bisore 


Arter 
Washing 


Piitr flit ion. 


Washing 

(kg/ cm* ) 


(kg/c:n J ) 


11 


0.93 


0.40 


12 


0.94 


0.34* 


13 


0.90 


0.36 


14 


0.92 


0. 37 


15 


0.92 


0.41 


16 


0.94 


0.34* 


17 


0.90 


0.36 


ia 


0-91 


0.37 


19 


0.93 


0.39 


20 


0.95 




21 







* Alkali-treatment was performed 
iJ Combination with back washing 
with water 



COMPARATIV E EXAMPLE 1 
same procedure, as described in Example 1 were 
repeated, except that the back washing of the clogged hollow 
fibe r membrane was conducted every time the differential 
pressure Pf the membrane reached about 4 kg/cm . The 
results obtained are shown in Table 2 below. 
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Table 2 

Differential Pressure 
Number of Before After 



Filtration 


Washing 
(kg/cm a ) 


Washing 
(kg/ cm 2 


0 


0.25 




1 


3.7 


0.7 


2 


4.0 


1.5 


3 


3.8 


3.0 


4 


3.9 


1.5* 


5 


3.9 


3.0 


6 







10 Notes * Alkali-treatment was performed 

in combination with back washing 
with water 



According to the present invention, an aqueous 
solution having a very small content of a solid matter can 
be obtained by filtration using a polyethylene-made porous 
hollow fiber membrane. 

IS High performance filtration as demanded in the 

present invention generally involves a problem of clogging 
of a filter medium, but a combination of filtration using a 
specific filter membrane and washing under specific condi- 
tions according to the present invention makes it possible 

20 to sufficiently restore filtrability and to thereby achieve 
stable purification of a reaction solution for a long period 
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o£ time • . 
further. « P»..»t invention r«li. 

of a £ ilt.r me*iu» by <« — ' *» 

combination 1th regeneration with che.ia.1.. ..f. 

only one. P« — ""ration operation.. A. a re.ult 

of che»ic.i. to b. u.ed can be ,r.«lY »— • an. 
at the .a». t*a. amount, ox 
handled can al.o be much reduced. 

While the invention has b«n described in detail and 

wit h Terence to .peciric «" " 

aop^ent to one .Killed in the art that variou. Can,., and 
^ication. can be -ad. therein without departs from «- 
spirit and scope thereof . 
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1. A method for purifying a reaction solution obtained 
by using a microbial cell, an immobilized microbial call, or 
an immobilized enzyme as a catalyst in a water medium, which 
comprises repeatedly filtering the reaction solution to 
remove fine solid matter using a polyethylene porous, hollow 
fiber membrane having a bubble point of from 1 to 20 kg/cm 2 , 
and repeatedly washing the hollow fiber membrane before it 
has - been clogged to such an extent that a differential 
pressure thereof exceeds 3 kg/cm 2 . 

2. A method as in claim 1, wherein said washing is a 
back washing with, water. 

3 . A method as in claim 1 , wherein the method further 
includes alkali-treatment of the clogged hollow fiber mem- 
brane . 

4. A method as in claim 1, wherein the reaction solu- 
tion is an aqueous acrylamlde solution. 

5- A method as in claim 1, wherein the porous hollow 
fiber membrane has . a diam eter of from 0.3 to 1 mm and a 
length of from 40 to 200 cm. 

6 . A method as in claim 1 , wherein the porous hollow 
fiber membrane has a bubble point of from 2 to 8 kg/cm 2 , and 
the hollow fiber membrane is washed when it has been clogged 
to such an extent that the differential pressure is from 0.7 
to 1.2 kg/cm 2 . 
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7. A method as in claim 6, wherein said washing is a 
back washing with water- 

8. A method as in claim 6, wherein the method further 
includes alkali-treatment of the clogged hollow fiber mem- 
brane. 

9. A method as in claim 6, wherein the reaction solu- 
tion is an aqueous acrylamide solution. 

10. A method as in claim 6, wherein the porous hollow 
fiber membrane has a diameter of from 0-3 to 1 mm and a 
length of from 40 to 200 cm. 

11. A method as in claim 1, wherein the back washing is 
carried out at a differential pressure of from 1 to 10 
kg/ cm 2 - 

12. A method as in claim 6. wherein the back washing is 
carried out at a differential pressure of from 1 to 10 
kg/cm 2 . 

13. a method as in claim 3, wherein the alkali-treatment 
is carried out with an aqueous sodium hydroxide solution at 
a concentration of from 2 to 30% by weight. 

14. A method as in claim 8. wherein the alkali-treatment 
is carried out with an aqueous sodium hydroxide solution at 
a concentration of from 2 to 30% by weight. 

15. A method as in claim 13, wherein the alkali-treat- 
ment is carried out for a period of from 0.1 to 100 hours. 

16. A method as in claim 14, wherein the alkali-treat- 
ment is carried out for a period of from 0.1 to 100 hours. 
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